Introduction* Let Mj denote the general decision problem for Markov algorithms with axiom. Of interest to us is whether or not this class of problems is as richly structured, with regard to degrees of unsolvability, as those classes studied in Hughes, Overbeek, and Singletary [2]. In this paper we shall present proofs which show this to be so. In particular we shall show that the general decision problem for the range of total recursive functions is many-one reducible to Mj and consequently that every r.e. many-one degree of unsolvability is represented by Mj. Furthermore we shall show this result to be best possible, with regard to degree representation, in that every r.e. one-one degree is not represented by this family of decision problems. And finally we shall demonstrate a simple application of these results to the study of splinters.
Let G be a semi-Thue system or Markov algorithm and let A be a fixed word over the alphabet of G. Then GA shall denote such a system with axiom. The decision problem for GA is the problem to decide, for an arbitrary word W over the alphabet of G, whether or not A ^ W (written \-G W whenever A is understood from context). The general decision problem for semi-Thue systems (Markov algorithms) with axiom is then the family of decision problems for all such systems. Let C-L and C 2 be two general decision problems. Then we say that C x is many-one (one-one) reducible to C 2 if there exists an effective mapping ψ of the decision problems p in C x into the decision problems ψ(p) in C 2 such that p and ψ(p) are of the same many-one (one-one) degree of unsolvability. C 2 is said to represent every r.e. many-one (one-one) degree of unsolvability if the general decision problem for the range of total recursive functions, denoted <#, is many-one (one-one) reducible to C 2 .
Background Results
In the next section we have need of the following theorem concerning semi-Thue systems with axiom. [3] , Lemma 3, demonstrated an effective procedure which, when applied to an arbitrary Turing machine T, produces a semi-Thue system with axiom (denoted S hqH h in their paper), which system satisfies properties (ii) through (vi) above and whose decision problem is of the same many-one degree as the halting problem for T. These two results may then be combined to provide a proof of the desired theorem.
Q.E.D.
Reduction of Λ to Mj
In this section we shall demonstrate a uniform effective procedure ψ 2 which, when applied to an arbitrary semi-Thue system S with axiom A that satisfies properties (ii) through (vi) of Theorem 1, produces a Markov algorithm M with axiom B such that the decision problem for SA is of the same many-one degree as that for M B .
Let S^be a semi-Thue system with axiom which satisfies properties (ii) through (vi) of Theorem 1. Further, let the alphabet of S be Σ = {# 1? ...,«"} and let the rule set of S be P = {a { -> β, | 1 < z" < p}. We define the Markov algorithm M = (Σ\ P r ) as follows:
P r consists of the rules defined below, where a set of rules labelled (i) may have any internal order provided these rules follow all those in sets labelled (j), where j< i, and precede all rules in sets labelled (j), where
VI ^j < n (6) r*ll -e 2 *l (7) r*l -> e λ * (8) a^e 2 -* e 2 aj VI ^ j < n (9) e 2 -R ί (10) ttjβx -* e t aj VI ^ j ^ n 1. A system S is deterministic over a word W if and only if there exists at most one
We now wish to show that the decision problem for SA is of the same many-one degree as that for M with axiom $A*. Before doing this we shall present the algorithm of which M is an implementation. This, we believe, will help to make the subsequent proofs more understandable. The Basic Algorithm
Let the word we are currently working on be of the form $PF* for W a word over Σ. Then W is a word derivable from A in S. Generate QW*. The proof may now be seen to be complete by simply observing that, for any given word W, the above decision procedure asks at most one question of the oracle for S Λ and, if it chooses to ask a question, reports the oracle's answer faithfully. [7] and were subsequently studied by Myhill [4] . One of the results of their research was the proof that every r.e. many-one degree is represented by the general decision problem for splinters. We shall now show that our results for Ji^ provide us with an independent proof of this. 
